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FOREWORD 

This  publication  was  prepared  under  contract 
by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE,  a  federal  government  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  government 
departments . 
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THE  MECHANISM  AND  KINETICS  OF  PLAT¬ 
FORMING  REACTIONS  OF  HYDROCARBONS. 

PART  IV 

ON  THE  DUAL  PROPERTIES.  OF 

PLATFORMING  CATALYSTS* 

COMMUNIST  CHINA  - 

/Following  is  the  translation  of  an  article 

entitled  "The  Mechanism  and ‘Kinetics  of 

Platforming  Reactions  of  Hydrocarbons.’; 
Part  IV.  On  the  Dual  Properties  of  Plat¬ 
forming  Catalysts"*  by  Chang  Yen-ch  ing 
(1728  2518.3237)  and  I .  V.Kalechits, 
Institute  of  Petroleum,  Academia  Sinica, 
ln  jan-llao  Hsueh-pao  (Aota  Fooalia 
Vol.  4,  No.  2,  snangnai,  April  1959,  pages 
127-132.  J 


“Hydrogenations  are  carried  out  with  four  kinds 
isolated  hydrocarbons,  cyclohexane,  cyclohexene,mthyl- 
cyclopent ane  and  methylcyclppentene; *  Ind^Pt HF-A^O  »■. 

JouXSf  7  n  stlfA'or  m  Its  dehydro¬ 

genation,  Isomerisation  and  laomeriaation-dehydrogenatlon, 
etc.,  properties  than  the  other  tw0,We® 

tLgirf^oUo^MtalyatrpoafeiaSs  either  dehydrogenation 

or  pt  isadded  to  HF-Ala05,  the  resulting  catalysts  are 
dual  function  catalysts  with  excellent  activities.^  B! a 
rw-k  +v^oaa  firjrilMS4  W0  h.6tV®  &BSUHl8d  tuEt*  ECLlVB  gFOupB 

polyaoUve  S^Ur’e)  are  formed  Oy  Pt  and  HF  on  the  eurface 

.Received  15.  Sep  58.  See  Vol.  4,  No.  1,  41  and  42  (1959) 
for  part  II  and  III# 
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of  the  oatalyat.  Moreover,  based  on  this  hypothesis  and 
tiw  results  of  experlaaaEtSf  we  b&v©  proposed  the  transform-* 
atlon  stages  ©f  aromatizatioft  of  methylcyclopentane  and, 
among  these,  the  Isomerisation  of  methyloyolopentene  is  the 
slowest  process. 


Under  the  conditions  adopted  in  most  reforming 
processes,  platfbrming  catalysts,  such  as  small  amounts 
of  pt  and  HF  supported  on  Al^O, ,  possess  good  dehydrogenation 
and  isomerization  activities.  They  also  show  good  cracking, 
coking  properties  and  are  less  susceptible  to  poisoning, 
thus  fairly  satisfactory  to  Industrial  requirements.  In 
connection  with  this  type  of  catalyst,  having  dual  properties, 
both  metallic  and  acidic,  and  polyfunetlonal,  the  Houdri- 
forming”  eatalyst  has  been  chosen  by  Mills,  etc.,  in  their 
study*”.  Tests  have  alec  been  carried  out  by  Kuo  Hsieh- 
hsien  (6755  3610  6343),  etc.,  of  this  institute  on  laboratory 
prepared  platforming  catalysts  with  isolated  hydrocarbons, 
such  as  methylcyclohexani*  methylcyclopentane,  n-heptane, 
etc.,  as  starting  materials  and  the  assumption  concerning 
the  reaction  mechanism  artd  the  dual  activity  centers  of 
catalysts  has  been  made  w  V  However,  the  present  available 
information  related  to  this  complicated  and  important  problem 
is  far  from  sufficient*  Consequently,  in  order  to  gain  an 
insight  into  the  functions  of  Pt  and  HF  in  the  catalysts 
and  the  transformation  meohanism  in  the  aromatization  of 
certain  cyclic  paraffinic  hydrocarbons,  such  as  methyl- 
cyolopentane  and  oyelohexane  with  platforming  catalysts, 
three  kinds  of  catalysts  have  been  prepared,  Pt-Al^O^, 

HF-A1a0 »,  HF-Pt-AljP#*  Four  kinds  of  isolated  hydrocarbons, 
such  as  methylcyclopentane,  methyloyolopentene,  cyclohexane, 
cyolohexene  and  a  mixture  of  cyclopentane  and  cyclohexane 
(1:1)  are  used  in  the  investigation  of  reactions  occurring 
with  these  catalysts. 


Catalysts  used*  Pt-Al^o.,  containing  0.3#  Pt.  and 
HF-A1.0 j,  containing  1.5#  HF.  These  were  the  catalysts 
used  in  platforming. 


hexane,  b.p.  80-81  ,  refractive  xnaex  ox  no  *  ep. 

gr.  dir*  0.77851  methylcyclopentane,  b.p.  71-72  ,  refractive 
index  of  af«  1.4100,  sp.  gr.  dj*  0.7482;  methyloyclopen- 
tene,  b.p.  64-68 #  and  74.8-77*8%  all  of  its  three  isomers 
being  present,  refractive  index  of  B#?  1.4267,  sp.'gr. 

0.7701;  oyclopentene,  b.p.  82-83  ,  refractive  index 
of  ni?  »  1.4460,  sp.  gr.  d£**  0.800.  Methylcyclopentane, 
methylcyclopentane  and  cyolohexene  were  all  laboratory 
prepared. 


Reaction  conditions;  temperature  430  ,  pressure 
20  atms.,  space  velocity  3*0  volume  per  volume  per  hour, 
aole  ratio  of  hydrogen  to  hydrocarbon  6*1* 

The  methods  used  for  product  analysis  were  similar 
to  those  employed  in  analyzing  the  products  of  methylcyol©*- 
pentane  and  cyclohexane  when  these  were  used  as  starting 
materials  and  the  methods  described  in  Part  II  and  Part  III 
of  this  project*  The  products  obtained  from  methylcyelo- 
pentene  and  cyclohexene  were  analyzed  according  to  the 
following  scheme. 


Determination 
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Results .  The  results  obtained  were  tabulated  in 
table  IS  Reforming  Results  of  Hydrocarbons  Using  Three 
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Discussion 

XTy  Isomerization  of  methylcyclopentane  occurs 
slightly  when  HF-AloP3  and  Pt-AlaOj  are  used,  but  *ore 
extensively  by  using  Pt-HF-Al^O*.  For  example,  the  f om 
ation  of  cyclohexane  and  aromatics  by  isomerizing  methyl- 
cyclopentane t 


0*0 


The  extent  of  isomerization  is  using  HF-Al^O^  is  7*^ 
and  1.0J6  in  the  case  of  Pt-Al^Oy  but,  21.2%  when  Pt-HF- 

A1«»0»  is  employed.  , 

Similar  results  are  obtained  In  isomerizing  methyl- 
cyclopentene,  l.e*,  reaction  is  small  when  using 
and  Ft-AlaCra*  but  more  intense  in  the  case  of  Pt-HF-Aia.03r. 
For  example,  the  formation  of  cyclohexane  an a  aromatics  by 
isomerizing  methylcyclopentene i 


o-O  *  0 


The  rate  of  isomerization  is  9*2$  using  HF-Al^Oa, 

7.756  with  Pt-AlaOy >  and  35*0$  in  the  case  of  Pt«HF-Ala.03. 

Basically,  the  isomerization  of  cyclohexane  with  the 
formation  of  methylcyclopentane  does  not  take^place  by  the 
use  of  HF-AlaOa,  or  Pt-Ala0a*  However,  when  Pt-HF-Alap3 
is  used,  the  methylcyclopentane  formed  in  the  products 

reached  18  *3/6  •  .  * 

These  results  show  that  the  isomerization  properties 

of  either  HF-Al^.03  or  Pt-Ala.03  ere  poor  and  that  Pt-HF-AlaPj 
possesses  prominent  isomerization  properties. 

(2)  The  dehydrogenation  of  cyclohexane  forming 
benzene  basically  does  not  take  place  when  HF-AI2O3  is  used, 

'and  only  to  a  small  extent,  36.5%,  by  using  Pt-Al^Oj. 
However,  dehydrogenation  takes  place  readily  in  the  presence 
of  Pt-HF-Alap3  and  the  aromatics  formed  reach  71 •Ofi 

Similar  results  have  been  observed  in  the  formation 
of  benzene  by  the  dehydrogenation  of  cyclohexene.  Aromatics 
formed  using  HF-AI2O3  amount  to  31.3%  and  for 
49.756.  but  they  reach  72.856  in  the  case  of  Pt-HF-AlaQg . 

These  results  show  that  both  HF-Al^Pa  and  Ft-AlaP3 
btb  poor  in  their  dahydrogenetion  properties  and  only 
Pt-HF-AlaAa  is  outstanding  in  this  respect. 

(3)  The  isomerization,  dehydrogenation  of  methyl- 
cyclopentane  and  methylcyclopentene  with  the  formation  of 
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Bimiiai*  to  the  above  results.  That 
benzene  are  more  or  J*®®  J  either  HF-AlaP3  or 

1*.  utttt  Mjation  t«k«  £•« J  intons.  In  the  tan.  of 

&8£l3j£  tS«” ““u  shown  that  Pt-HF-Al*03  la  a  n«. 

polyfonotioa  oatalyat.^  .  ^  points,  Pt-HF-AlaP, 

‘pi^c^^3i73/orr^ormiraip^r^^ofofth:=» 

Jhlthlr  lh  UoIirl sstlon,  d.hydros.nation  or  l.oaar- ,, 
iaatlon-4.hygog.nation.  jto.  ^  not  atrlotly 

single  function  oatalyata..  For  .jung** a^egenitiSni  ' 
used  In  the  following  reaction,  J®^xaoe  wlth  the 

a  small  extent  of  Isomerization  also  tak  P 

formation  of  benzene *  e.g., 

Iff — »  WkVJ&Ps  ns*; 


When  MF-Ala03  Is  used,  besides  the  isomerization 
reaotlon,  some  dehydrogenation  takes  place,  e.®., 


|7j  ll£££i,  Q  W' 


UF-AIA 


81.8<& 


gsuuttofK^^ 

active  5SS"8f^^S“,fe  S.SSSi  on  the 
The  Pt  and  HF  In  Pt-HF-AixU3  {£?  “  interrelated,  but 

IS  °.=tt«g^' Ss^iSSK^mSST** 

g.natlon°  l“0“"ttatlon-4ehydrogenaWonj  oJ^jiithlifthes. 
etc*,  of  hydrocarbons  are  mainly °f^ed  the  isomer- 

groups  the  greatly  enhanced  by  the  presence 

lzatlon  property  of  HF  are  greazxy  •  *  contain 

of  each  other.  The  surface  of  the  caxaxyeu 
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ungrouped  Pt  and  HF,  both  of  which  possess  weak  dehydro¬ 
genation  and  isomerization  properties  just  like  the  Pt  in 
Pt-AU03  ^  the  HF  in  HF.-Alapy,  playing  a  minor  role  In 

^  The  dehydrogenation  taking  plao©  on  the  activity 
groups  is  still  mainly’  attributed  to  the  effects  ■ 

by  Pt* n Similarly,  isomerization  occurs  under  the  influence 

of  HF«* 


The  dual  activity  centers  theory  of  piatforaing  _  ^ 
oatalysts  as  suggested  by  Hills*  Heinemann,  etc.  *  differs 
in  nature  from  our  conception*  First  of  all*  they  assum 
that  the  Pt  and  HF  are  distributed  on  the  surface  of  plat¬ 
forming  catalysts  without  any  interrelationship*  Tne 
difference  of  the  two  assumptions  is  illustrated  below. 


O 

x  * 
o 


©X 

ox  ©x 


Mills,  Heinemann*  etc.  Author 

Illustrations  Showing  Activity  Centers 
©represents  Ptj  X  represents  HF}  ©X  represents 
the  activity  group. 

Secondly,  their  interpretations  of  HF-AlaP3  and 
Pt-AloQa  are  mechanical,  i.e.,  HF-Alapy  is  a  single  ' 

function  catalyst  having  only  isomerization  and  no  dehydro¬ 
genation  properties  and  Pt-Ala03  is  also  a  single  fun 1  n 
catalyst  having  only  dehydrogenation,  but  without  isomer- 
ization  properties.  The  isomerization  properties  of  Pt- 
"AluOv.  as  explained  by  them,  is  caused  by  the  residual 
acid  in  the  catalyst,  not  washed  out  in  the  course  of  itB  • 
preparation.  Their  explanation  for  the  formation  or 
benzene  by  the  catalytic  action  of  HF-Ala03  °»  cyclohexene 
and  methylcyclopentene  is  due  to  hydrogen  transfer  reaction 
attributed  to  the  catalyst,  rather  than 
properties.  This  explanation  is  difficult  to  conf lrm by 
our  results  because  if  benzene  is  formed  by  the  hydrogen  , 
transfer  reaction. 


0*0 
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aw  wftt'io  of  b©ii!&6n©  to  cycloli6XEA0  in  tn©  product 

should  be  1 s2 .  However,  the  amount  of  oyolchexane  obtained 
In  out*  product  la  far  less  than  the  amount  obtainable  in 

thS  of  the  aromatizatlon 

°f  r^Bsssrirta.-1  ss^e.  «**£,  ^ 

the  reversible  isomerization  between  methy loyelopentane  and 
cyclohexane  under  the  influence  of  the 

metallic  catalysts  Is  a.  transition  thfdehXSgSna-“ 

IflomertJsation,  i.e*,  isomerization  follows  the  dehydrogena 
tion  stage -  We  agree  With  them  on  this  point*  Furthermore, 
oJ?  findings  showthat  little  cyclohexane  is  formed  by  the 

Isomerization  of  methylcyolopentane  using  HI -Alapsi  ^ and 

ovolohexane  does  not  undergo  isomerization  when  HF“A1^03 
is  used*  However,  aromatics  resultiiig  from  the  i someriaa- 
tlon  of  methylcyolopentene  under  the  ?f”  *  3 

and  the  methylcyolopentene  formed  by  the  lsc^rlzation^ 
™«ichaxe«e  using  HF-AiUO,  are  comparatively  more  sub¬ 
stantial*  These  facts  all  serve  as  minor  evidences  showing 
that  the  dehydrogenation  pr* cedeslso 
;  this  point  and  the  assumption  of  the  activity  S^ups 

mentioned  above,  our  ^^“^aivats  is  as 

of  methy ley clopentane  using  platforming  catalysts  is  as 

follows*: 


p-p-p 

t 


Reactions  within  the  brackets  are  carried  ®u*;  , 

the  activity  groups  situated  on  the  surface  of  the  catalyst. 
The  reactions  outBide  of  the  brackets  take  place  in  th 

gaseous  phase,  ^  tfae  above  illustrated  transformation 

stages  a  greater  amount  of  aromatics  should  be  formed 
if ^he* intermediates  of  the  later  stages,  methylcyolopentene 
and  cyclohexene,  are  used  as  starting  materials  lf 

intermediates  of  the  first  stages,  methy Icy clopentane, 
la  used*  Th©  results  obtained  are  In  accord  with  this 
deduction:  me thy Icy clopentane,  methylcyclopentene  and 
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cyelehexene  w ere  reacted.  separately  using  Pt— HF -  A3»iP3  : 

it  was  found  that  the  benzene  formation  was  in  the  Increasing 
S  order  ef  14.1#,  18*8#,  72.8#  In  each  case.  When  Pt-Aljps  ; 
was  used,  the  benzene  formed  was  1.0#,  5*3#t^49.7#*  When  ^ 
HF-Alap3  was  used,  the  benzene  formed  was  Q.2#,  9.2#,  51.3#. 
it  is  clearly  shown  toy  the  above  results  that  in  the  fore- 
!  mentioned  transformation  stages,  the  isomerization  of  i 
!  methyloyclopentene  with  the  formation  of  cyclohexene  is 
|  the  most  difficult  stage  to  be  brought  about  and  kept  under 
control.  This  is  due  to  the |  fact  that  the  rate  of  benzenq 
formation  when  cyclohexene  is  used  as  a  starting  material 
greatly  exceeds  that  prevailing  when  methyloyclopentene 
or  methylcyciopentaao  are  used.  Thus,  it  is  clear  that 
benzene  fofms  readily  after  the  isomerization  stage* 

According  to  the  dual  centers  assumption  proposed 
by  Mills,  Heinemann,  etc.,  the  mechanism  for  the  formation 
of  benzene  by  isomerization,  dehydrogenation  of  methyl- 
oyclopentane  or  the  dehydrogenation  of  cyclohexane  is 
illustrated  below. 

'0-0-0-01  ; 

The  vertical  reactions  take  place  on  the  Isomerization 
i  centers  and  the  horizontal  reactions  take  place  on  the 
!  dehydrogenation  centers.  In  other  words,  methylcyolopentane 
|  is  first  adsorbed  on  the  dehydrogenation  center  forming  j 
!  methylcyclopentene.  The  latter  is  then  transferred  to  the 
;  isomerization  center  and  converted  to  cyclohexene  whioh 
is  again  transferred  to  the  dehydrogenation  center  where-  ; 
upon  benzene  is  formed  is  formed  by  stepwise  dehydrogena-  j 
tion.  It  is  thought  that  such  numerous  repeated  transfers 
of  the  intermediates  between  the  two  kinds  of  activity 
centers  would  slow  down  the  rate  of  reaction.  However,  in 
fact,  the  rate  of  aromatization  proceeds  briskly.  At  the  ; 

|  same  time,  such  repeated  transfers  between  the  activity  : 
centers  would  also  be  accompanied  by  the  repeated  process  j 
of  detachment  and  adsorption.  Thus,  intermediates  such  as 
methylcyclopentene  or  cyclohexane  would  be  found  in  the 
produots.  However,  no  such  hydrocarbons  have  been  isolated 
from  our  experiments.  Although  the  reaotion  mechanism 
proposed  by  us  also  involves  dehydrogenation,  isomerization, 
etc*,  stages,  these  reactions  all  take  place  on  the  same 
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activity  groups  in  a  very  convenient  Manner.  And  the 
intermediates  forgo  steps  of  desorption  and  readsorption 
on  the  surface  of  the  catalyst*  Therefore,  our  mechanism 
should  correspond-  more  closely  to  the  experimental  results 
than  the  one  proposed  by  Mills,  Helnemann,  etc* 

Conclusion 

1.  Hydrogenation  is  carried  out  with  four  kinds 

of  isolated  hydrocarbons,  methylcyclopentane,  methylcyclo- 
pentane,  oyclohex&ne  and  cyclohexene,  etc.,  by  using  three 
kinds  of  catalysts,  HP-Al^Oy,  Pt-AX^Ps ,  and  Pt-HF-AiaP3  • 

It  Is  found  that  Pt-HF-Al^Os  is  superior  in  its  dehydrogen¬ 
ation,  Isomerisation  and  isomerisation-dehydrogenation, 
©to*,  properties  than  the  other  two  types  of  catalysts* 

2.  It  is  also  found  that  both  Pt-Al^Ps ,  and 

HF-Ala.0-3  are  not  strictly  single  function  catalysts,  but 
dual  function  catalysts  possessing  poorer  activities*  When 
KF  is  added  to  Pt-AlaPs  or  Pt  is  added  to  the 

resulting  catalysts  are  dual  functional  with  excellent 

properties*  , 

3.  The  assumption  was  proposed  that  ft.  and  HF  may 
fora  active. groups  (or  polyfunotional  active  centers)  on 

'the  surf ao®  of  platforming  catalysts, 

4.  Suggestions  ware  made  concerning  the  transform-, 
atlon  stages  of  the  aromattzatlon  of  methylcyclopentane 
under  platforming  conditions •  Among  these  stages,  the 
isomerization  of  methylcyclopentene  forming  cyclohexene  is 
the  slowest. 
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